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Synthesis of BN-tryptophan 8
BN-indole 1 was prepared according to Abbey, et al 1 .
Synthesis of 2:
In a glove box, a 500 mL round bottom flask (RBF) equipped with a stir bar was charged with TBS-BN-indole 1 (2.0 g, 8.6 mmol) and N,N'-dimethylmethylene-iminium chloride (967 mg, 10.3 mmol) and dissolved in CH2Cl2 (100 mL). The reaction was allowed to stir for 3 hours. Solvent was removed under reduced pressure and the resulting yellow solids were suspended in 15 mL triethylamine and 15 mL diethyl ether and passed through a glass frit. After the solvents were removed under reduced pressure, the product was purified by silica gel chromatography under a nitrogen atmosphere with 15% triethylamine in diethyl ether as eluent. TBS-BN-gramine 2 was concentrated under reduced pressure to yield an opaque, light yellow oil (2.15 g, 7.43 mmol, 86.3% yield). 1 H NMR (500 MHz, CD2Cl2) δ 8.01 (d, J = 6.5 Hz, 1H), 7.57 (dd, J = 11.4, 6.5 Hz, 1H), 6.76 (d, J = 11.5 Hz, 1H), 6.62 (s, 1H), 6.38 (t, J = 7.0 Hz, 1H), 3.52 (s, 2H), 2.22 (s, 6H), 0.91 (s, 9H), 0.47 (s, 6H). 13 
Synthesis of 3:
In a glove box, to a 250 mL RBF equipped with a stir bar was added TBS-BN-gramine 2 (1.70 g, 5.88 mmol) and THF (75 mL). The flask was cooled to 0 °C in an ice bath under nitrogen and iodomethane (1.00 g, 7.05 mmol, 439 µL) was added dropwise via syringe. The reaction was allowed to warm to 25 °C for 16 hours. The solids were allowed to settle in the bottom of the flask and the supernatent was removed via cannula under nitrogen pressure. When most of the solvent was removed, the solids were resuspended in CH2Cl2 and precipitated out with THF and the supernatent was removed by cannula. The residual solvent was removed under reduced pressure. TBS-BN-gramine methiodide salt 3 was obtained as a white, powdery solid (2.45 g, 5.68 mmol, 96.7% yield). 1 H NMR (500 MHz, DMSO-d6) δ 8.34 (d, J = 6.7 Hz, 1H), 7.57 (dd, J = 11.5, 6.5 Hz, 1H), 7.28 (s, 1H), 6.76 (d, J = 11.5 Hz, 1H), 6.50 (t, J = 6.6 Hz, 1H), 4 
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Synthesis of 4:
To a 1 L RBF equipped with a stir bar, diisopropyl amine (3.15 g, 31.1 mmol, 4.39 mL) and THF (300 mL) were added and cooled to -78 °C in a dry ice/acetone bath under an atmosphere of nitrogen. A solution of n-butyllithium (2.5 M in hexane, 28.7 mmol, 11.5 mL) was added dropwise via syringe and the reaction was allowed to stir for 30 min. N-(Diphenylmethylene)glycine ethyl ester S1 (6.40 g, 24.0 mmol) was dissolved in THF (10 mL) and added to the reaction mixture dropwise via syringe. The resulting red solution was allowed to stir for 100 min at -78 °C, after which time a solution of tertButyldimethylchlorosilane (5.05 g, 33.5 mmol) in THF (30 mL) was added dropwise via cannula. The reaction was allowed to stir and attain room temperature for 16 hours. Solvent was removed under reduced pressure and the crude mixture was suspended in hexane and passed through a glass frit. The filtrate was concentrated in vacuo. The desired product 4 was isolated as a red viscous oil (8.8 g, 96% yield). The product was used without further purification. 1 
Synthesis of 5:
In a glove box, a 1 L RBF equipped with a stir bar was charged with TBS-BN-gramine methiodide salt 3 (2.65 g, 6.20 mmol), silylketeneacetal 4 (7.10 g, 18.6 mmol), and toluene (400 mL). The reaction was brought to reflux under nitrogen and allowed to heat at 140 °C. After 3 hours, the reaction was cooled to room temperature and concentrated under reduced pressure. The product was purified by silica gel chromatography with a gradient of ether in pentane (starting at 10% and then 40% ether) in the glove box to afford an orange goo (2.23 g, 76.9 %). Rf (2:3 ether:pentane) = 0. 
Synthesis of 6:
To a 250 mL round bottom flask equipped with a stir bar was added a solution of 5 (1.4 g, 2.7 mmol) in THF (50 mL) and cooled to 0 °C under nitrogen in an ice bath. An aqueous solution of HCl (20 mL, 1M) was added dropwise via syringe and the solution was stirred at 0 °C for 30 minutes. The solution was diluted with 100 mL CH2Cl2 and washed thrice with 200 mL saturated sodium bicarbonate. The organic layer was separated and the aqueous layer was extracted twice more with 100 mL CH2Cl2. The combined organic layer was washed with brine and dried over MgSO4. The solvent was removed under reduced pressure. The crude reaction mixture was purified by silica gel column, first eluted with CH2Cl2 and then 20% Et3N in CH2Cl2, to yield 6 (0.867 g, 92%) as a brown oil. Rf (100 % ether) = 0. 
Synthesis of 7:
A 250 mL RBF was charged with 6 (473 mg, 1.36 mmol) and toluene (50 mL) with a stir bar and put under a nitrogen atmosphere. While stirring, tetrabutylammonium fluoride (1 M in THF, 1.36 mL) was added dropwise via syringe. After 30 minutes, the solvent was removed under reduced pressure. The resulting brown oil was suspended in 150 mL toluene. The organic layer was washed four times with 200 mL water followed by one wash with brine. The suspension was passed through filter paper and the solvent was removed under reduced pressure to afford compound 7 as a brown oil (185 mg, 58% 
Synthesis of 8:
In a glove box, to a 20 mL vial was added a stir bar, 7 (284 mg, 1.22 mmol), sodium hydroxide (97.6 mg, 2.44 mmol), and ethanol (3.00 mL) and stirred for 2 hours. Most of the ethanol was removed under reduced pressure. 1 mL of ether was added to the solution, followed by 2 mL pentane, after which a brown and white solid precipitated. 
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Chiral resolution of BN-tryptophan ester 7
Enantiomers of ester 7 were separated by chiral recycling HPLC (Chiralpak AD-H, 25°C, 78:19.5:2.0:0.5 Hexane:Isopropanol:Methanol:n-butylamine, 5 mL/min). The product was cycled through 4-6 times before collection of each peak. 
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Chiral analysis of BN-tryptophan (D)-8 and (L)-8
NMR Chiral Analysis
A 4mL vial was charged with Pd-complex 2 S2 (7.7 mg, 0.011 mmol), BN-tryptophan 8 (5.0 mg, 0.022 mmol), and a stir bar. DMSO-D6 (0.5 mL) was added and the solution was allowed to stir under nitrogen for 4 hours, after which the NMR spectra were collected. The NMR showed quantitative formation of S3. The spectra of the resolved compounds, (D)-8 and (L)-8 are as shown in Figure S4 . 
CD-spectroscopy
A 0.1 mm quartz cuvette was used for the measurements. Methanol was used as solvent and concentrations of 0.1 mg/mL were used.
Step size was 0.5 nm and averaging time was 6 seconds. Methanol was used as the blank and the CD spectra were corrected according to it (baseline subtraction). Spectra are an average of 3 scans. 
Cell Fermentation and Protein Isolation
Trp-auxotrophic Escherichia coli strain was purchased from ATCC (catalog number 49980 [genotype WP2 uvrA]). All fermentation and expression experiments were performed in GMML supplemented with 200 µM glucose (minimal media) (see recipe below). The expression host E. coli ATCC49980 was routinely transformed with either plasmid: pET22b-sfGFPwt, pET22b-sfGFP151TGG (subcloned via directed mutagenesis from pET22b-sfGFPwt using standard cloning methods, sequence below), or pET22b-Llac-KSI-7TGA. 3 The incorporation experiments were performed using cultures grown in minimal media in the presence of 0.0075 mM tryptophan (the optimal limiting concentration of the native substrate at 30 °C) and 2 mM Ampicillin (in the transformed cell cultures). Cell cultures were grown to ~0.5 OD600, at which time tryptophan was depleted and the desired tryptophan analogue (1 or 2 mM) was added along with 1 mM IPTG. End-point optical densities and fluorescence were measured after incubation at 30 °C overnight.
Overnight expression cultures were purified as described in Italia et al.
3
GMML Recipe:
3.6 g of glucose added per 1 L of media after autoclaving before a final sterile filtration. 
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Oxidation Study
Protein oxidation studies were performed on the L-trp and BN-trp containing sfGFP151TGG proteins. The isolated proteins were incubated in 1 mM H2O2 for 5 minutes and then quenched with 1 mM DTT (dithiolthreitol). Samples were analyzed by LC/MS (Agilent Technologies, 1260 Inifinity ESI-TOF) with a water/acetonitrile gradient (95% water to 5% water) on a C18 column.
The expected mass is 28620 g/mol, which is seen in Figure S11 . 
